Abstract: The effect of the amount of applied deformation on a thermally stimulated deformation recovery for a largely deformed epoxy resin under its glass transition temperature was studied in this paper. Two recovery peaks have been observed in the thermally stimulated deformation recovery curves for both epoxy resin and poly (methyl meth acrylate) (PMMA). The lower temperature recovery peak of the PMMA shifts to a higher temperature with increasing applied strain. However, the lower temperature recovery peak of the epoxy resin was independent of the amount of applied strain. The effect of applied strain on the relaxation curves for the epoxy resin was more significant than for the PMMA. Free deformation recovery curves below the glass transition temperature were simulated using a generalized Maxwell model both with and without the dependence of the recovery curve on the amount of applied strain. The model with strain dependence included reproduced the tendency of the experimental results of the epoxy resin more closely than the model without strain dependence. It seems that the structure of the epoxy resin changed after the lower yielding range to a structure which restricts the relaxation of polymeric structures.
INTRODUCTION
Glassy epoxy resin is a thermoset resin which is chemically crosslinked.
However, glassy epoxy resin shows yielding behavior similar to that of poly (methyl meth acrylate) (PMMA), that is, an upper yielding point followed by a lower yielding range [1, 2] . However, if largely deformed, epoxy resin exhibits strain hardening more clearly than PMMA. It is said that the strain hardening is related to the present of the crosslinks. However, the mechanics of the strain hardening from the molecular point of view is not still clear.
The structure of an amorphous polymer changes under large deformation from a glassy structure to a liquidlike structure [3] . One technique that has been proven to be quite useful for investigating the polymeric structural change is to monitor the thermally stimulated deformation recovery of a polymer after large deformation [4] [5] [6] [7] [8] [9] . There are two peaks in the thermally stimulated deformation recovery curves for largely deformed polymers. The first peak is below the glass transition temperature, and the other peak is slightly higher than the glass transition temperature. When heated, the sample generated heat in the temperature range close to the first recovery peak. It is considered that molecular motions taking place close to the first recovery peak are not the same to those close to the second recovery peak.
In this study, the thermally stimulated deformation recoveries of a largely deformed glassy epoxy resin were measured. Theoretical free deformation recoveries after large deformation were also calculated using a generalized Maxwell model. The experimental results were compared with those of PMMA. The purpose of this study is to investigate the effect of the crosslinks on the thermally stimulated deformation recovery of the epoxy resin. The relaxation curves obtained from relaxation tests and dynamic mechanical spectrometer (DMS) tests (see, Appendix) were used to calculate both the modulus and the relaxation times used in the above calculations. The relaxation times were determined by dividing the time range of relaxation curves into equal parts on logarithmic time scale. These relaxation times were used in Eq. (7) and then fitted to the relaxation curves so as to find the sets of modulus giving the best description of the curves.
RESULTS

Stress-Strain
Relation Figure 1 shows the stress-strain relations for the epoxy resin and the PMMA under uniaxial compression. The vertical axis is true stress which was calculated assuming a uniform deformation and isovolume of the specimen during deformation. The stress-strain curve for the epoxy resin was similar in shape to that for the PMMA. For both the epoxy resin and the PMMA, the stress was almost proportional to the strain in the small strain range. As the strain increased, the stress decreased after upper yield point and appeared the lower yield range in which the stress was almost constant. However, for the epoxy resin, the lower yield range was shorter than that of the PMMA and the stress resumed increasing soon after the lower yielding range.
Stress Relaxation
Figures 2 and 3 show the stress relaxation curves for the epoxy resin and the PMMA respectively. The amounts the higher the strain recovery rate in the range below and above the glass transition temperature.
DISCUSSION
It is considered that when PMMA is stretched, the structure of the polymer changes to a liquid-like structure in which stress relaxes more easily, causing a steady plastic flow to occur in the lower yielding range on the stress-strain curve [3] . As shown in Fig. 1 , the stressstrain curve for the epoxy resin was similar in shape to that for the PMMA in the lower yielding range. This similarity indicates that the epoxy resin and the PMMA might share the same polymeric structural change in the lower yielding range, that is, the structural transition of a quasiequilibrium solid state to a viscous liquid-like structure. The polymer with a liquid-like structure relaxes more easily than that having a solid structure, thus stress remains almost constant with increasing strain. However, the epoxy resin exhibited significant strain hardening after the lower yielding range. For the epoxy resin, the structural change occurring in this range might be different from that in the lower yielding range, and the strain hardening might relate to the change in the relaxation curves with increasing strain.
The amount of applied strain had more significant effect on the relaxation curves for the epoxy resin than for the PMMA (Figs. 2 and 3) . For the epoxy resin, the larger the applied strain was, the smaller the ratio of recovered stress to the initial stress. It seems that the polymeric structural (Fig. 7) . The ratio of creased with increasing applied strain. These changes in amount of applied strain. This might be explained as follows: the amount of the applied strain affected the relaxation curves of the epoxy resin more seriously than of the PMMA, and the larger the applied strain is, the greater the relaxation during the deformation (i.e., the relaxation of was largely deformed, the rates of ƒÃL and ƒÃH to the total strain did not change seriously with increasing applied strain, and the strain hardening in the stress-strain relation was clearer than that of the PMMA. 
